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ABSTRACT
Confidensial)

A high-resolution redar system (0. 008-microsecond
pulec length), operating &t $-cm wavelength, has been used
in oceanographic studies {rom a coastal site. Sea return
shutter amplitudes are presented (rom A-scope data
recorded on 16-mm motion picture film. System parame-
tere and dats reduction methods and equipment are outlined.

PROBLEM STATUS
This {e an interim report; work on this problem s
continuing.
AUTRORIZATION
NRL T.oblew RO®-1?
Projects NR 413-000, NR 413-003, ns 430-014-1,

NO 061-631, and NE 050-418
Burosu Nos. EL-43001, 8-1078, and PA{-246-9-86

Manuserim™t submitted June 12, 1997

My . e o

,"




NIGH-RESOLUTION RADARN
P'RT 11 - SEA CLUTTER MEAJUREMENTS
(Unclassitied Title]

INTRODUCTION

T1e report 18 one of a series in the study of sea return with high-resolution radar.
It predents the results derived from a photographic method of deta recording.

Sea return clutter measurements were made with an experimental, high-rewolution,
X-dand radar system from a coastal site at Boca Raton, Florida, during the period of
Octod . 1955 to Decomber 1038,

The experiments were conducted to investigate the characteristics of high-resolution
radar 2choes as they pertained to ses return. The variation of signal amplitude with
pola -ation, range, asimuth angle, antenna height, sea condition, and wind speed and
direc .on were resential {actors to be considered in the tems.

1. '@ report presenta s:me of the results obtaine {rom the analysis of A-scope
photoraghic data.

LOC/ TION

The test site on the east coast of Florida at Boca Raton afforded relatively deep ocean
dapth. at short range ue shown in Pg. 1.

The radar antenna was mouwnteu on an elevator _
piatform suspended from a steel tower 100 feet OOLAM DEPT™ va RANOE
hMgh (Fig. 2). Thisplatiorm could be varted in height
from 37 feet t0 113 {eet above the sea level. Ite cover- et oF L
age was more than sdequate to embrace the ocean Mmoo i
area under surveillance, Vertical depression
?ngle ¢ great as six degrees were porsidle. E

]

%0 vigw toward thve sea by the radar antenna
was snobetructed (rom 3 degrees to 170 degrees ‘.
true bearing.

The prevailing winds in this area are usually
trom the east. It was hoped (in vain) that extreme
cend'''ons of sea and wind wou'd be encountered
¢ ‘g one or more days of the test period because
of o normal “huricane season® expected at that

.”

time in that area. NS (wee) ‘ _
The average tidal change at this location was Fig. 1 = Ocean depth
wbcut three feet. versue range . i.
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Fig. 2 ~ Elavator platfcrm an! tower

RADAR SYSTEM CHARACTERISTICS

Lirtcd below are some of the pertinent characteristics of the experimental radar system

used Ly he measurements:

Frequency
Transmitter Power (Peak)
Pulse Length

Pulee Recurrence Rate
Receiver Noise Figure
Polarisation

Antenna

Antenna Reamwidth
Vide~ Bardwidth

1-F Passband

Display

9373 Mc

15 kw

0. 008 usec

1800 cps

13 db

ve-tical or horisontal
0-{o0t parabola
0.9°

100 M¢

2200 to 2700 Mc
A- or B-scope
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CONFIDENTIAL NAVAL RESEARCH LABORATORY 3

The antenna, transmitter, rf amplifier, and mixe> were located on the movable plat-
form and the i-! and video amplifiers, liming, display, and recording equipment Jocated
in a U. 8. Navy trailer van positioned at the base of the radar tower,

AUXILIARY EQUIPMENT

There were two additional pleces of equipmert used in theas sxXpwrizaents to scquire
supplementary <ot

1. an T/UMQ-S wind messuring snd recording system was veed tr acquire
mateorological information. The vane and anemometer were mounted stop the radar tower

at & height of approximately 138 feet above sea level. The visual indicators and the simu'- 1
taneow \utoruatic recorder were located in the radar -an. The recorder chart provided )
a continuous log uf the wind speed and direction for euch twenty-four hour period. | A
4% “". R
2. An ucoan wave-height measuring gage of the step resistance type, which e

was developed by the Beach Erosion Board. war located at a range of 450 yards i.om the :‘3 C g

test site and at a bearing of 98 degrees. It was mounted on & paling Criven into the ocean o

flonr where the depth of the water was approximately 38 feet. Automatic, as weli as AT

wanval, control of the wave gage permitted convenient monitoring of wave height. A A

Srush recorder located in the radar ven pro- ided perinanent records of this information. Vyig

Wave-height information was automatically registered on the chart pap.r for pariods of b, 3

i two minutes of each hour of every day. This sample portrayed the sea-state condition y
} and tanded to indicate the prevailing trend. During data taking periods, the wave gage recorder ok
! was {requently run under manual control to acquire coincice.it wave and radar informstion. '.".3{ _.,‘

. oY

S

J MYARURTH Z:T MRETHODS ’ ‘
H Tais -t preeerts the resulis der,ved {rom A-scrpe dats on £2a Jetyrr slutter, as ' :

recorded on 16-mm motion picture film. ..
et o

A modified Ball and Howall, 16-mm, magasine -load, motion-picture camera was used A%

to photograph the radar video i.tput on a delayes A-wvecpn display under the followiag )

conditions:

Bach {ifty-foot tilm magasr.. . wns identified at the beginning of the reel by projecting, via
a mirror, a semiautomatic data-recording bnard ¢:to the {ilm,

Casnera Speed @ tron .8 per second s
Shter 130° .
Exposure Time 1/i6 sec
Mim Kodak TRI-X (A
Lers and Apu-ruse 17 - (3.7 : ‘
CRT Phrephor P-11

34

The basic velorence of radar sven used in these measurerants was odtained from a
balloon-suspended, metal spaere, flying under {ree-space conditions. The radar retlection
area of this sphere was C. 018 square meter.

CONFIDENTIAL
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Becavse the use of such & sphere was not convenient nor {canible for all periods of
the radar system nperation, a corner re{'ector wus, ther.fore, used as the standard
echoing arez throughout the tests. This corner reflector was designed and constructed
for a reflection area uf 0 square [eet under free-apace ~nnditions and when measured as
located with the metal sphere as the computation base, an echoing area of J6C square
feet was realized. The corner reflector was located on the beach at a range of 1340 yardd',
and vas approxumately 9 {eet above the ground level,

The performance and stability of the radar system was monitored at the beginning
and #nd of each data-recording period for both horizontal and vertical antenna polarizations
with thie cornes reilec.or as Lhe standard echoing area. Reference information and power
calibration of the radar system was photographed at {requent intervals during the data runs
d using the calibrated output {from a Hewlett- Packard, Model 620A, signal generator.

With this combination of the corner reflector standard signal and the {iim-recorded,
radar-cystem power calibration, the sea-return echo area was computed in square feet,

l The peak power received from the corner reflector is given by
| Pe - !""——_‘01 2 e

L A
] where

] Py - Peak transmitter power
Antenna gain

Transmitter wavelen_th

[a]

; { ‘¢ - Corner reflecting area in square feet
;i R. - Range to tpe rorrar,
> ! The veak power rece.ved from tiv: dea clutter to
b ! .
’ G W
A v, ST A3
f vitn
¥

I ‘e - Radar .rea per sample of sea clutter (sample length,
¢ 1/15 sec; sampla rate, § per second)

: ®, - Range in feet to sumple area.
P, "v)('c ¢
[LARANSWAN
. /P.)(l )‘
AN AC Y A

By dividin~ £, by P,

-'Rﬁlkéa&u«._\a’;'aw ML tians o S 2 i el T ko N 3 5 e O 25 Rl s s Zas 2 R . -l -y e

%
| .
|
i

In this equation,

! Py mayt weasured by comparison with signal generator

i P (HD-e00);

i .

} (;f) ie obtained from rada: data;

i
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CONFIDENTIAL NAVAL SISEAZCH LABORATORY 3

‘'« 18 the corner reflector area as locatad J6u ft*.

10 obtain a unit radar arez:
- '.

. Roe

where “s * Echoirg avea per unit area
® - Radar range \n ‘ret
Antenna beamwidth 1n rudians
¢ - Equivalent transmitter pulse length

In | resenting the resulte 10 log,, =, 18 plotted versus several parametsrs.

OTHER MEASUREMENTS

Movie cameras were located adjacent to the radar antenna on the movable platiorm
and atop the steel tower for simultaneous visual photographs® of the radar ares under
aurveillance. T.ese cameras were equipped with telephoto lenses whose focal length
was chosen to give an azimuth angular coverage as close to that of the radar antenna
beamwidth as jossible. The operation of these cameras wan alectrically synchronized
to that of the scope data camera.

Azimuth scan of tue artenna waveguide (eed providel {acilities for a B-scope pre-
sentation on the radar irdicator. Synchronized, impulse-operzted cameras, triggered
at the a~*enn -scan motinn extremities, were used {or the data recording of both the
radur indicateor and the visual information.

Other metheds 0! dats recoruing empicyed during these capcriments vere the we
of a Fairchilo 35-mm continuous-film camera (or sampling of the radas clu.ter o4 'ipli-
tude at the radar-recurrence (requency and a Brush recording-pen sysiem for radar-

signal measurements of very short range segments. These latter systems are discuesed
in a separate report.

DATA PROCESSING

To {acilitate extrection of the dr*a portrayed on the 18-mm motion picture film, a fiim
reader wes designed and constructed which, when used with suitable counting units, pro-
vided a simple and quick method fur Jat« readout.

The use of small phototransisiors s. the sensitive elements in the film reader per-
mitted the {Uir-projection distance to be approximately 24 inches. The size of the pro-
jected image at this distance was approximately 4 inches wide by 3 inches high.

*The uee of the worde “visual phutographe” in the text of thie report refers to outdoor
photography that is recorded of the area which the radar sn‘enns would “see” from
an optical viewpoint. This sarsee to differentiate 1t from the other and more specific
data recurding photography *f the radar-scope traces.

CONFIDENTIAL
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A (otal of 18 phototransistors (WE 1740) were mounted side by side !n a holder attached
to a 4-inch by 3-inch 1rojection sucface. A 1/32-inch slit cut through this surface alluwed
the most scneitive portion of each photutransistor to be rxpused. This created a sernsitive
slit 1/32 1ach wide by approximately 2 inches lung for *»» 16 elements.

Anout 1. 3% of the total range sweep wss resolved thi .ugh the 1/32-inch slit and che
radas echo ampiitude couid be monitored at any one of the 18 levels represented by the
18 adjacent phoutocells.

Shown in Fig. 3 is a sketch of tne photucell holder ~d projection surface ‘r which
*A°® represents the sixteen cells positivned side by side with the 1/32-inch slit allowing
a portion of the sensitive area to &, )w ** - Jugh. By inc.vidual adjustment of each photo-
cell, the most responsive porticu ot tae photocell window was positioned in line with the
slit.

Fig V- Photouald Lulder

The phet . ella a8 indicated hy *B* served to de-energize the reader during the pro-
jector shutter time, as well as to comnpensate for variations in {ilm densittes.

In the figure °." represents a typical, projected, A-scope, sea reiurn, radar trace.
When an echo interrupted the projected light falling on a particular photocell a pulse was
generated, its cell position identifiable by ite width. If an echo should be recelired of an
amplitude to interrupt the elevenih cell, for example, all cells up through eleven would
be energized. However, by the use of a suitable mixing process, only the widest pulse
was used (0 actuate the Jecade-counting and tabulating circuit, Thus, the {ilm reader
was used to count all echoes which were equal to or greater than a preset level as
determined by the position of the selected photocell,

The particular photocells monitored for each data run were selocted by first projecting

the system calibration run onto the reador. As the calibration run was made in 3-db steps,
the dynamic range of the syetem would indicate some five tn seven cells to be monitored.
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From "he information gathered with this tystem, curves were drawn of the percentage
of time that the echoes at some particular range were at least equal to the signal level in
db {roi,. the calibration curve. This basic daty was then extended to portray the information
shovw. (n the Appendix.

The data presented was ¢xtracted from delayed, CRT sweep lengths of 250 yards.
The majcrity ol the informatinn was acquired in one- minute Zata-recording runs, though
4 few data runs of two minutes duration were available.

PRESENTATION OF RESULTS

Listed below {8 a short description and sequence of the graphical analysic derived
from the A-scope photographic data reduction. The graphs are presented in the Appendix.
] -, versus declinat:nn angle in degrees for signal returns of 2% to 15%.
‘e "1 Lercentag: of time f{or three wind speeds.
. s versur vercentage of time for three an.enna heights.

1v. -« Versus percentage of time for \nto-the-tr~ugh and into-the-waves
of three artenna heights.

V. <, versus de:llnativn angiv i degrees inr (wo wave heights.
vi. ~o versus declination angle in degree~ for three wind speeds.
VU. -, “ersus wirJ speed for signal returns of 2§ to 15%.

SIGNIFICANCE OF RESULTS

No atiem:t 18 made in this report t2 evaluate the signiilcance of the redults ui the
work presented. since it iy planned ‘n a subsequent report, {n th'< sreiex -.n high-resolutian
radar studies, to show comparisons with longer-pulte radar systems and other wor' In

the field.
L 3 N ]
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APPENDIX
Graphs of Results

‘ In Figs. Al through Ad and Figs. ALlD and A16, the shaded boundaries of the plot

) ind.cate a -, variance tron: 2% to 195  To state this in other wuids: the upper limit
of the shaded section indicates -, valuas for 2§ of the total data sample and the ' w~er
limi¢ of the shaded section indicates -, values {for 154 of the total data sample.

In Figs. A3 through A10 -, le plotted versue the percentage of time that it equals
or exceeds a garticular value of -,. For sxample, at a poirt of 30% in Fig. A6 andat a
wind speed of 18 knuts, the graph indicates that with vertical polarization we may expect
~s tobe -32 db or less for 30% of the time.

The coniposition of thvse graphs is a result of an averaging >{ many points, and the
lines closely futlow and portray the trend of the basic data

T v r————— —

The values indicating wave height {or each graph were extracted {rom the wave-gage A

records. The value selected was the “third high® valve grevailing in the wave-helight-
period sample nesrest in time to the photographic radar data, *

] The declination angle :  as indicated in the graphs is that angle whose t.ngent is
indicated by the quotient of the height o! the antenna above ave~age water to the range of

the target.

'Ac vording to the Reach Erosion Board procedure {ur analyeis of wave-gage data, the
tune in seconds of the wave periad of the data indicates “approxinate significant wave
heights™ ae the "third highest.” Therefore. tne wave amplitucies were tadlulated from
the re srded data and the third highes! walue selectea as the re,esentative one to

be used 1n the report

Rk ~ <7 o, Tt Vo T TP,

-

e, T
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L. -, Versus :

Figures Al through A4 show the -, plotted versus declinalivn angle in degrees. The
shaded 4rea defir.es the boundaries of -, irom 2% to 15F of the total time of the data run.
Significant save heights are between 1. 25 and 2. 0 (eet.

¥ e

Fig. Al - Into the waves; polarization vertical, anynuth
190°. wave height 1.7% feet, wind 7.10 knots, 150
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Fig. A2 - Into the waves: polar-sation horisontal, asi-
m.ath 183% ‘wave height 1.73 10 2.0 feet, v1nd @ . 10
knots, 160 « 170
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E A) - Into the trough, polarization vertical, arimuth
4587, wave height 1. 71 feet, wind 8-10 k~ots, 150 « |5%
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Fig. A4 - Into the trw'h polarization horisontal, asi-
muth 4%°, wave heght | 27910 2.0 feet, wird 9 knots,

160

- 168°
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Figures AS ard A6 depict the varia
and horizontas yolarizatinng. The amipis .
the radar echo equaled or excesded a par :

The data sampled to provide these "lots wa.
water with significant wave heights varying {rom
looking in the direction of the apparent wave 8o
taken at ranges of 459 yards, 500 yaids, 1000 y»
2500 yards.
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1. , Versus

Figures A1) ard Ald present the -, versus the declinstion angle \n degrees as &
function of wind epeed \n knote for vertical and horisontal polarizsations. The cutves
sere drawn (rom aignal recurrences of seven perzent of the tcial samole. The data
was assembled at ranges of 300 yards, 1000 yards. and 13500 yards with antenna e)~-
vations of )3 feet, 40 teet. 43 (eet, ¢4 oo’ and 00 feet above average water. The
antenra wae looking in the direction of the upparent wave source with sighificant vave
hetghts ranging from 1. 73 feet 10 3. 9 {eet,
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Vi, s Versus ¥in' fipeed

Figures A1S v ' “ % presont the wartciin ol L el eardd veleedty b ot ’
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. 4-12-1896 132:53AM FROM NRL RADAR DIVISION 2024244064

ERRAIA Ser 5300/62

28 March 1996

memorandum
Rader Division
To: Code 5227
Via: Code 1221
From: Code 5301
Subj: NRL Reports 4951:/ 4952,‘/Relaxation of Distribution Statement

1. The subject reports do not contain material which should be restricted
under current guidelines. Current investigation into backscatter
phenomena of this type are published in the open literature and as NRL
publication intended for unlimited distribution. The distribution
statement on the subject reports may be changed to allow public release.
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‘ EDWARD E. MAINE
QD‘ M@IW Acting Associate Superintendent

Radar Division
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